Dosage compensation in Drosophila occurs by a twofold increase in transcription per copy of X-linked genes in males (XY) compared with females (XX). msl-1 is one of four genes that are essential for dosage compensation in males, and MSL-1 protein is associated specifically with the male X chromosome. To explore the basis for the sex specificity of dosage compensation, we examined MSL-1 expression in males, females, and dosage compensation mutants. MSL-1 protein levels are negatively regulated by Sxl in females, resulting in male-specific expression of MSL-1. In addition, msl-2 is required for translation and/or stability of MSL-1 in males. Furthermore, the wild-type pattern of MSL-1 localization to the X chromosome is dependent on mle and msl-3 function, although a subset of sites are stained with MSL-1 antibodies in these mutants. Collectively, these data provide the first evidence for an order of msl gene function and suggest that male-specific expression of MSL-1 plays a key role in the sex specificity of dosage compensation.
In many animals, failure to dosage compensate sexlinked genes leads to a lethal genetic imbalance. Al though the mechanisms of dosage compensation are var ied, all result in global regulation of the expression of genes that are physically linked. In Drosophila melanogaster, dosage compensation occurs in males, producing a twofold increase in the level of X-linked gene tran scripts relative to transcripts produced from each X chro mosome in females (for review, see Lucchesi and Man ning 1987; Henikoff and Meneely 1993; Kuroda et al. 1993) . The enhanced expression of X-linked genes in male nuclei is thought to result from the interaction of male-specific trans-acting factors with numerous cisacting sequences on the X chromosome. Four candidates for trans-acting dosage compensation regulators have been characterized (for review, see Lucchesi and Man ning 1987) . Mutations in these genes, maleless, and male-specific lethal-1, male-specific lethal-2, and malespecific lethal-3 (collectively referred to as the msl's] re sult in the death of homozygous males as third-instar larvae or early pupae. This lethal phenotype correlates with a failure to dosage compensate X-linked genes (Belote and Lucchesi 1980a; Okuno et al. 1984; Breen and Lucchesi 1985) .
Two of the msl's, msl-1 and mle (Kuroda et al. 1991) , have been cloned, and both proteins (MSL-1 and MLE) show a striking association with the X ^Conesponding author. chromosome in male, but not female nuclei, supporting their proposed roles as dosage compensation regulators. MSL-1 contains acidic regions similar in character to segments found in a diverse group of proteins involved in transcription and chromatin modeling and references therein). The acidic regions of these proteins are thought to contact more basic chromosomal proteins such as histones, mediating nucleosome assem bly or release (Eamshaw et al. 1987; Philpott and Leno 1992; Chen et al. 1994) . MLE contains motifs that place it in a superfamily of ATP-binding proteins with known or putative helicase activity (Gorbalenya et al. 1989) . MLE displays a stronger similarity to proteins with known RNA, rather than DNA helicase activity (Lee and Hurwitz 1993) , suggesting that MLE may interact with nascent transcripts rather than with DNA regulatory el ements.
Several lines of evidence suggest that alteration of chromatin structure may provide, at least in part, the biochemical basis for dosage compensation in Drosophila. A histone H4 isoform, uniquely acetylated at lysine 16 (H4Acl6), is preferentially associated with the male X chromosome in Drosophila polytene nuclei (Turner et al. 1992) . The pattern of distribution of H4Acl6 on the X chromosome is strikingly similar to that of the regulatory proteins MLE and MSL-1, and its presence on the X requires the wild-type function of all of the msl genes (Bone et al. 1994) . In addition, the higher transcriptional activity of the male X chromosome in larval polytene nuclei correlates with its more diffuse cytological appearance (Offerman 1936; Mukherjee and Beerman 1965) . These observations suggest that there are distinct X chromatin structures in male and female nuclei (Dobzhansky 1957) and that chromatin structure may play an integral role in dosage compensation.
One of the outstanding questions in Diosophila dosage compensation is the basis for male specificity. Differen tial regulation of sex determination and dosage compen sation begins with the assessment of the X to autosome (X:A) ratio early in development (for review, see Cline 1993) . When the ratio is 1.0 (XX:2A), the Sex-lethal (Sxl] gene is activated, resulting in female-specific sexual dif ferentiation and basal levels of X chromosome transcrip tion (Cline 1978 (Cline , 1984 (Cline , 1988 Lucchesi and Skripski 1981) . When the X:A ratio is 0.5 (XY:2A), the absence of functional Sxl products results in male-specific sexual differentiation and hypertranscription of the X chromo some. Although it is clear that Sxl must negatively reg ulate msl function in females, the direct target of Sxl regulation is not known.
Both MLE and H4Acl6 are present at appreciable lev els in female nuclei and thus do not appear to be direct targets of Sxl regulation (Kuroda et al. 1991; Turner et al. 1992) . However, neither protein is preferentially associ ated with the X chromosomes in females. To investigate the basis for the male specificity of dosage compensa tion, we have examined the regulation of msl-l in wildtype males and females and in dosage compensation mu tants. We found that MSL-1 protein is present in males and absent or greatly reduced in females, correlating with its male-specific function. The Sxl gene is impor tant for this sex-specific regulation, as MSL-1 accumu lates and associates with the X chromosomes in Sxl mu tant females. The wild-type function of msl-2 is required for translation and/or stability of MSL-1 in males, as MSL-1 protein levels are decreased or absent in msl-2 mutants. Our data suggest that MSL-1 localization to the X chromosome is partially independent of mle and msl-3. Collectively, these results provide the first evidence for an order of msl gene function and suggest that malespecific expression of MSL-1 plays a key role in the sex specificity of dosage compensation. key question is whether the male specificity of MSL-1 X chromosome association is a result of the regulation of MSL-1 expression or the regulation of its activity. Be cause anti-MSL-1 antibodies directed against central por tions of MSL-1 did not perform well on Western blots , we prepared polyclonal antibodies directed against the full-length protein (see Materials and methods). We first examined MSL-1 protein levels in larvae, because a critical time for msl-1 function is in the late larval stages (Belote and Lucchesi 1980a) . These an tibodies detect a 170-kD protein in crude extracts of wild-type male larvae that is absent, or present at sub stantially reduced levels, in extracts from msl-1 mutant male larvae and wild-type female larvae, respectively (Fig. lA) . MSL-1 appears to be a relatively labile protein (R. Richman, unpubl.); thus, additional minor bands de tected in male lanes may be proteolytic breakdown prod ucts of MSL-1. In a parallel blot, MLE staining is detect able in both males and females, confirming that differ ences in MSL-1 detection are not simply the result of 
Results

Sxl regulates the level of MSL-1 protein in females
Dosage compensation genes that are regulated by Sxl would be expected to show differential expression in fe males, which require Sxl expression for viability, and in males, which lack functional SXL protein, mle protein is expressed in both males and females and therefore has been proposed to be dependent on one or more of the other msl's for its male-specific X chromosome localiza tion and fimction (Kuroda et al. 1991; Gorman et al. 1993) . msl-1 transcripts are found in similar abundance in both sexes and show no detectable differences in splic ing, suggesting that msl-1 expression is not regulated at the transcriptional level . Therefore, a (1) 0-to 1-hr em bryos, (2) 0-to 16-hr embryos, (3) male larvae, (4) female larvae, (5) adult males, (6) adult females. Lanes shown are from the same gel. The identity of higher molecular-weight bands de tected in the embryonic lanes is not known. Detection of MLE from a duplicate blot is shown below. differences in protein loading. In Figure IB , we show that a band of the appropriate size to be MSL-1 is also present in unsexed embryos and is prominent in adult males but not in adult females. We asked whether Sxl function was required for the differential expression of MSL-I in males and females. The early lethality associated with both gain-of-function and null Sxl mutations precludes examination of msl expression in most Sxl backgrounds (Cline 1978) . How ever, some combinations of Sxl alleles do result in partial complementation (Cline 1984) , allowing some female progeny to survive beyond embryogenesis. In one such combination, -50% of females heteroallelic for a null Sxl allele, Sxl^^, and a partial loss-of-function Sxl allele, Sxl^^^, survive to the third-instar larval stage (Cline 1980; Lucchesi and Skripski 1981) and are mosaic for Sxl expression (Gorman et al. 1993) . If msl-l expression is negatively regulated by Sxl, then the absence of SXL in some nuclei should result in detectable levels of MSL-1 protein in these mutant females. As shown in Figure 2 , the 170-KD band, which is barely detectable in crude extracts from wild-type females, is clearly present in ex tracts from SxP/Sxl^^^^ females, demonstrating that Sxl negatively regulates the level of MSL-1 protein.
The 170-kD protein detected in Western blot analysis is considerably larger than that predicted by the msl-l open reading frame of 2855 nucleotides (-105 kD) . We have also observed aberrant mi gration of various m.sl-1 fusion proteins expressed in Escherichia coli (M. Palmer, unpubl.) . Anomalous electrophoretic migration is characteristic of a number of proteins that contain structural features such as cluster ing of proline residues and acidic and/or basic residues, both of which are present in MSL-1 (Kimelman et al.
a-MSL-1
Hoechst 33258 Verma 1984; Query et al. 1989 ). Furthermore, posttranslational processing such as glycosylation and phos phorylation (see Palmer et al. 1993) may also contribute to slower migration of MSL-1 on SDS-polyacrylamide gels.
MSL-1 associates with the female X chiomosomes in Sxl~ nuclei
Because MSL-1 is normally absent or present at very low levels in wild type XX nuclei, we asked whether the accumulation of MSL-1 seen in XX nuclei that lack SXL leads to the male pattern of X chromosome localization. We found that Sxi^VSx/*^^ nuclei that lack SXL staining acquire a male pattern of MSL-1 association with the X chromosome (Fig. 3) . Conversely, nuclei that show a wild-type pattern of SXL staining lack MSL-1 immunostaining (data not shown). Therefore, MSL-1, like MLE and H4Acl6 (Gorman et al. 1993; Bone et al. 1994) , ex hibits a wild-type male localization pattern in Sxl~ XX nuclei. These results are consistent with previous stud ies demonstrating that some nuclei from SxP /Sxl^''''^ females have higher levels of X-linked transcription, cor relating with X chromosomes that appear decondensed relative to wild type (Lucchesi and Skripski 1981) .
msl-2 positively regulates MSL-1 levels
The regulation of msl-l by Sxl might be direct, at the level of RNA transport or translation, or indirect, possi bly acting through one of the other msl genes. Because the msl phenotypes are all similar, no genetic epistasis has been established for this group of regulators. MLE expression is not affected in the other msl mutants, but X chromosome localization of MLE is dependent on each of the msl's (Gorman et al. 1993) . To determine whether MSL-1 expression is dependent on msl function, we per formed Western blot analysis of crude cellular extracts isolated from msl mutant male larvae (Fig. 4A) . MSL-1 protein is absent in homozygous msl-l larvae but is present in extracts from male larvae homozygous for msl-3 and mle mutations. In contrast, MSL-1 is unde-
another possibility is that msl-2 encodes a general factor required for transcription of msl-l in both sexes. Because of the difficulty in obtaining sufficient poly(A)^ RNA from msl-2 mutant males, we compared msl-1 tran scripts from msl-2/ + and msl-2/msl-2 mutant females by Northern analysis (Fig. 5A) . Regulation of msl-1 by msl-2 does not appear to occur at the transcriptional level, because all three misl-1 transcripts are present in msl-2 mutants. The msl-1 transcripts are also present in adult females that lack a germ line (Fig. 5B) , supporting the hypothesis that msl-1 is transcribed in somatic tis sues of females and negatively regulated at the post-transcriptional level. tectable in extracts from homozygous msl-2 mutant male larvae, even when the lane is overloaded. There fore, the level of MSL-1 appears to be dependent on the expression of msl-2 but not on msl-3 or mle.
Because msl-2 mutant male larvae are less healthy than mle and msl-3 mutant males (M. Kuroda, unpubl.) , we wanted to rule out the possibility that the lack of MSL-1 in msl-2 mutants is the result of a nonspecific effect on protein stability. In that case, MSL-1 levels would not be decreased in SxP/Sxl^'^''^ female larvae that lack a fimctional msl-2 allele, as the health of these larvae is indistinguishable from their siblings. To test this possibility, we prepared total cellular extracts from SxP/SxP^''^; msl-2/msl-2 female larvae and examined msl-1 protein levels (Fig. 4B) . MSL-1 is absent or present at very low levels (comparable with wild-type females) in SxP/Sxl^""^;
msl-2/msl-2 mutant females, whereas their SxP/SxP^""^; msl-2/-\-siblings have substantial levels of MSL-1. Therefore, using two different genetic tests, we found that msl-2 expression positively regu lates MSL-1.
These results suggest that msl-2 regulates the transla tion or stability of MSL-1 protein in males. However, mle and msl-3 are lequired for the wild-type pattern of MSL-1 association with the X chromosome
The similarity of msl mutant phenotypes (for review, see Lucchesi and Marming 1987) , and the dependence of MLE on the other msl functions for X chromosome lo calization (Gorman et al. 1993) , suggests that msl wildtype functions may be interdependent. The apparent ab sence of MSL-1 in msl-2 mutants suggests, however, that there may be epistasis in msl action. The fact that msl-1 lacks a recognizable DNA-binding motif suggests that X-specific localization is likely to depend on interactions with other chromosomal proteins. Therefore, although 1 2 B w^ 1^* .
[B] msl-1 transcription in females is not limited to the germ line. Northern blot comparing the female progeny of wild-type mothers (lane 1] and tud^ mothers (lane 2). All three msl-1 transcripts are present in daughters of tud^ mothers, which lack a germ line. mle and msl-3 are not required for MSL-1 expression or stability in male nuclei, they may still be required for X-specific localization of MSL-1. To determine whether MSL-1 association is dependent on nisl-3 or rule, we ex amined MSL-1 localization in these mutant back grounds.
Homozygous mutant msl males die as late larvae to early pupae and are greatly delayed in their development (Belote and Lucchesi 1980b; Belote 1983) . As a conse quence, they contain very small salivary glands with polytene chromosomes that are difficult to spread. We examined MSL-1 immunostaining in mle and msl-3 mu tant males and occasionally detected faint staining of one chromosome per nucleus (data not shown). How ever, because of the poor morphology of polytene chro mosomes in homozygous msl males, we adopted the strategy utilized by Gorman et al. (1993) to examine MSL-1 staining in SxPySxl^^""^ female larvae that also lack functional msl alleles. Because MSL-1 associates with the X chromosomes in Sxl^^ /Sxl^^^^ nuclei that lack SXL staining (Fig. 3) , we performed double-labeling of SxP/Sxl^'^^; msl larvae to determine whether removal of msl-2, msl-3, or mle function results in the loss of MSL-1 X chromosome staining in these nuclei.
As expected, MSL-1 was not detected on either Sxl; msl-1 (data not shown) or Sxl; msl-2 polytene chromo somes (Fig. 6a) , because these larvae lack MSL-1 protein.
However, in contrast to the wild-type pattern of several hundred X chromosome sites seen in Sxl; msl'^ larvae (Fig. 3) , Sxl; msl-3 and Sxl; mle larvae have -40 sites of MSL-1 immunostaining on the X chromosomes (Fig.  6c,e) . As in wild-type MSL-1 localization, the subset of sites seen in the mutant backgrounds coincides with interbands rather than in the regions of highest DNA con tent. The MSL-1 sites consistently stain brighter in the msl-3 mutants than in the mle mutants (M. Kuroda, unpubl.), although bright staining can be seen in some mle nuclei (e.g., Fig. 6e ). Owing to difficulty in analysis of the relatively weak anti-MSL-1 staining seen in most Sxl; mle mutant nuclei, a definitive comparison of the stain ing patterns in the two mutant backgrounds has not yet been accomplished. However, a preliminary study of the -40 sites suggests that they are not simply the brightest staining sites in the wild-type MSL-1 pattern but that they represent a distinct subset that appears very similar in the two mutant backgrounds.
Discussion
Sxl regulation of MSL-1 expression MSL-1 protein is present in males and is absent (or at very low levels) in females. The Sxl gene is important for this sex-specific regulation, as MSL-1 accumulates and associates with the X chromosomes in Sxl mutant fe males. MLE and H4Acl6 also accumulate on the X chro mosomes of Sxl females (Gorman et al. 1993; Bone et al. 1994) , but this regulation appears indirect, as MLE and H4Acl6 are present at appreciable levels in both sexes (Kuroda et al. 1991; Turner et al. 1992 ization of both MLE and H4Acl6 is dependent on msl-1 function (Gorman et al. 1993; Bone et al. 1994 ), these observations suggest that the male-specific expression of MSL-1 could account, at least in part, for the sex speci ficity of dosage compensation. Sxl encodes a protein with an RNA-binding domain that regulates the splicing of its own pre-mRNA and that of at least one downstream sex determination gene, transformer (Boggs et al. 1987; Bell et al. 1988; Sosnowski et al. 1989; Inoue 1990 ). Sxl does not regulate splicing of msl-1 mRNA, suggesting that Sxl regulates msl-1 by either an indirect or novel regulatory mecha nism. Interestingly, two of three msl-1 transcripts con tain poly(U) stretches in the 3'-untranslated region that resemble SXL-binding sites . There fore, we are currently investigating the possibility that Sxl may directly regulate msl-1 expression, perhaps by affecting RNA transport or translation. However, be cause the smallest msl-1 transcript lacks the 3' poly(U) stretches, and all three msl-1 transcripts are found in somatic tissues in females (Fig. 5B) , it is also possible that msl-1 is not a direct target of Sxl but is instead regulated by the availability of another protein (e.g.. MSL-2, see below) whose expression may be under the control of Sxl.
The msl genes are probably not the only dosage com pensation functions regulated by Sxl. Although Sxl mu tant females are postulated to die because of a failure to negatively regulate dosage compensation^ mutations in any of the known msl's do not suppress the female le thality of Sxl mutants (Skripsky and Lucchesi 1982; Uenoyama et al. 1982; Uenoyama 1984) , except in the case of a Sxl allele that retains function early in development (Cline 1984) . In addition, the runt gene is dosage-com pensated during embryonic development in msl-1, msl-2, or mle mutants (Gergen 1987) . Thus, although MSL-1 may be a key regulator of dosage compensation in the larval stages, another as yet unidentified gene may play this role earlier in development.
msl regulation of MSL-1 expression and activity
To investigate the possibility that MSL-1 expression is affected by one of the other msl's, we examined the ex pression of MSL-1 in msl mutants. We found MSL-1 to be present in mle and msl-3 mutants but to be drastically reduced or absent in msl-2 mutants. This suggests that msl-2 expression positively regulates the level of MSL-1 protein in male nuclei and that the potential absence of msl-2 function in XX nuclei could prevent stable accu mulation of MSL-1. These observations provide the first demonstration of epistasis in msl expression, msl-1 tran scripts are present in msl-2 mutant females (Fig. 5A) ; thus, like Sxl regulation of MSL-1, regulation by msl-2 appears to be post-transcriptional. MSL-1 has several re gions rich in proline, serine, threonine, and glutamic acid (PEST sequences) that may signal rapid turnover (Rogers et al. 1986 ), several potential glycosylation sites, and >40 potential phosphorylation sites . msl-2 could catalyze a post-translational modifi cation of the MSL-1 polypeptide that protects it from rapid tumover or could stablize MSL-1 by direct interac tion, perhaps targeting it to the X chromosome. If msl-2 regulation of msl-1 expression is direct, then msl-2 may provide the regulatory link between Sxl and the other msl's.
In addition to regulation of MSL-1 at the level of ex pression or protein stability, we show that the wild-type pattern of MSL-1 localization is at least partially depen dent on wild-type msl-3 and mle. However, MSL-1 is present at a reproducible pattern of -40 sites in each of these mutants. A very important caveat is that the mu tant alleles used in this study could retain partial fimction. If so, then the MSL-1 binding seen may actually be attributable to residual msl-3 or mle function. However, this is inconsistent with the observation that these 40 sites are not simply the brightest sites of staining in the wild-type MSL-1 pattern. Furthermore, we observe sim ilar MSL-1 staining patterns in two independent mle mu tants, mle^ (Fig. 6e) and mle^""^^ (data not shown). The mle^"^^^ allele carries a deletion of three of the seven conserved helicase motifs and can encode only the amino-terminal half of the MLE protein (Kuroda et al. 1991) . The lesion in themie^ allele has not been identi fied, but immunostaining reveals no detectable MLE pro tein in Sxl; mle^ female larvae, and mle^ males produce no detectable MLE on chromosomes or on Western blots (L. Richter and M. Kuroda, unpubl.) .
MLE (Kuroda et al. 1991) , MSL-1 , and MSL-3 (unpublished work cited in Gorman et al. 1993 and Henikoff and Meneely 1993) are all associated with the male X chromosome. MLE and MSL-1 are colocalized in the same discrete banding pattern on the X chromosome (Bone et al. 1994 ). These results, along with the dependence of MLE on the other msl's for X chro mosome localization, have led to the hypothesis that the msl proteins interact and fimction as a complex (Gorman et al. 1993; Kuroda et al. 1993; Palmer et al. 1993; Bone et al. 1994) . That MSL-1 is also dependent on mle and msJ-3 for its wild-type pattern of X chromosome local ization supports this hypothesis. In addition, the residual binding of MSL-1 in these mutants suggests that there is an order to complex assembly. A model for the assembly of factors on the X chromosome that is consistent with our results is presented in Figure 7 .
The finding that MSL-1 is present at a subset of sites in mle and msl-3 mutants raises the question as to whether or not an associated increase in X-linked transcription occurs in these mutants. Whereas MSL-1 is present at -40 sites in the absence of mle or msl-3, H4Acl6 is not detected on the X chromosome over background levels in any of the msl mutants (Bone et al. 1994) . Thus, if the post-translational modification of histone H4 is integral to dosage compensation, it appears that a significant in crease in transcription occurs only when the full com plement of msl proteins is present. The func tion of rns7-3 and mle leads to the association of MSL-1 with many additional sites along the length of the X chromosome. Ultimately, the functions of all the msl's are required for the presence of histone H4 acetylated at lysine 16 (H4Acl6) on the male X. The presence of H4Acl6 on the male X correlates with dosage compensation of X-linked genes in Drosophila (Bone et al. 1994) .
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Materials and methods
Drosophila stocks
Flies were raised on standard commeal-yeast-agar-molasses medium containing propionic acid as an antifungal agent. The msl-V^^^ and msl-V^^^ alleles are described in Palmer et al. (1993) . All stocks not specifically mentioned in the text are described in Lindsley and Zimm (1992) .
Crosses to generate msl mutants for Western blots were perfomed at 18°C as follows: mle mutants: y,-mleP'"^^ en bw/CyO T(1;2)B80 y^ femalesxy/Y; mleP""'^ en bw/CyO T(1;2)B80 y^ males, msl-1 mutants: y,-msl-V^^^ en hw/CyO T(1;2)B80 y"" femalesx y/Y; msl-V^^^ en hw/CyO T(1;2)B80 y^ males, msl-2 mutants: y,-msl-2 en hw/CyO T(1;2)B80 y^ femalesxy/Y; msl-2bpi en wxt bw/CyO T(1;2)B80 y"^ males, msl-3 mutants: msl-3^ red/TM3 femalesxmsi-3^^*^ led e/TM3 males. Ho mozygous mle, msl-1, and msl-2 larvae were identified by the absence of the y"^ marker, present on the CyO y^ balancer chromosome (J. Botas, pers. comm.). Homozygous msl-3^/msl-MAK larvae were identified by their red Malpighian tubules, due to the presence of the led marker. The msl-3'' allele is the orig inal mle-3^ allele (Uchida et al. 1981) . msl-S^^'^ is an X-rayinduced allele (M. Keene and T. Hazelrigg, pers. comm. 
Piepaiation of antiseia
Affinity-purified polyclonal antibodies specific for MSL-1 were raised in rabbits. A plasmid, placMSL-1, encoding a putative full-length MSL-1 open reading frame was constructed by ligating msl-1 genomic sequences to msl-1 cDNA sequences in the vector pMTL23 (Chambers et al. 1988) . A 538-bp Ncol-EcoKl genomic fragment beginning at the first in-frame ATG codon and a 2446-kb £coRI-HindIII cDNA fragment encompassing the remainder of the msl-1 open reading frame were inserted sequentially into the pMTL23 poly linker. The msl-1 protein was subsequently expressed in E. eoli by induction of the lae promoter with IPTG as described previ ously (Kuroda et al. 1991) .
The anti-MLE antibodies used were raised against either the amino-terminal 225 amino acids or the full-length MLE protein expressed from an mle cDNA cloned into pET8 (Novagen). In duction of MLE expression in E. eoli was performed according to the manufacturer's instructions. Antibodies were raised and af finity purified essentially as described previously (Kuroda et al. 1991) .
Western blots
Third-instar larvae were homogenized using a Dounce homogenizer in 1 x Laemmli buffer with the following proteinase in hibitors: 1 M-g/nil of pepstatin, 1 |xg/ml of leupeptin, 1 mM benzamidine, 10 jiM aprotinin, 1 |xg/ml of antipain, 1 iig/ml of soybean trypsin inhibitor, and 1 mM phenylmethylsulfonyl flu oride. Crude extracts were boiled for 5 min, and ~30 (jig of protein was electrophoresed through a 4% stacking-6% polyacrylamide-SDS Laemmli gel. Proteins were transferred to ni trocellulose using an EC transfer apparatus, optimizing for transfer of high-molecular-weight proteins (0.5 A for 2.5 hr) as described (Matsudaira 1987) . Western blots were performed us ing an alkaline phosphatase goat anti-rabbit IgG detection sys tem (Promega).
Immunostaining of polytene ehiomosomes
Polytene chromosomes were prepared as described (Kuroda et al. 1991) . Affinity-purified rabbit anti-MSL-1 antibodies were employed at a concentration of 1:20. Mouse anti-SXL antibodies obtained from ascites fluid were used at a dilution of 1:2000. Donkey FITC-and Texas Red-conjugated secondary antibodies (Jackson ImmunoResearch) were used at a 1:200 dilution. ect H-2139 to M.J.P. M.I.K. is a Searle scholar and an assistant investigator of the Howard Hughes Medical Institute.
The publication costs of this article were defrayed in part by payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 USC section 1734 solely to indicate this fact.
